MODULAR THINKING-FOR A
SUSTAINABLE FUTURE

THE CLIMACOOL CONTRIBUTION TO DECARBONIZATION
AND FLEXIBILITY IN HVAC SYSTEMS
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Modular Chiller/Heater Systems Water-Source Heat Pump Solutions Hydronic Fan Coil Solutions Custom Air Handlers
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What Are Modular Chillers?
Modular Chiller’s Role in Sustainability

Applications of Modular Chillers
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Functionality
* Heating

* Cooling g
* Heat pump 1
* Dedicated heat recovery N .
* Simultaneous heating and cooling ; B

CLIMA{QCOOL o | W J




MODULAR CHILLERS

e Controls supports up to 12 modules

*Single Point power available

*Skidding available

*Up to 8-inch pipe which allows to about 600 tons
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Hot Water production 70°=140°F

Chilled Water production 15°—-65°F

Ambient Operation 0°-120°F
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MARKET EVOLUTION

* Retrofit cooling
* New construction
heating

BENEFITS

Redundancy
v" Mechanically
v' Controls

Multifunctionality
v" Single plant solutions
v Hybrid systems
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Source : 5 l:. ll) __5.16a05'
MARKET EVOLUTION
* Retrofit cooling ) g g
« New construction heating Load Clg __ l'; [ 55‘:
Load Hig __ [ 25“'” |
Standby Standby Standby Standby Standby
BENEFITS
Redundancy e oS —
Mechanically P —— rS—
v Controls

MULTIFUNCTIONALITY

v Single plant solutions
v" Hybrid systems

Figure shows a bank of three modules:

Module 1 in Cooling
Module 2 in Standby
Module 3 in Heating

Load Cooling
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* Simplified single line water circuit shown; V=motorized isolation and control valve



MODULAR CHILLERS

ClimaCool solutions
All Electric
High Efficiencies

Hydronic distribution systems

v’ Centralized heating and cooling solution
v High capacity per square foot
v’ Low charge per circuit
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——_ /A"g What Are Modular Chillers

—_ N Modular Chiller’s Role in Sustainability

Decarbonization / Electrification
A2L Refrigerants
Geothermal

Applications of Modular Chillers




DECARBONIZATIONS

Decarbonization’ tends to refer to
the process of reducing ‘carbon
intensity’, lowering the amount of
greenhouse gas emissions
produced by the burning of fossil
fuels. Generally, this involves
decreasing CO2 output per unit of
electricity generated.

Increasing Electrification
* From boilers to compression systems

Improving efficiencies
* From air source to water source

CLIMAQCOOL'

& Advanced Manufacturing Office

TECHNOLOGY PATHWAYS

TO INDUSTRIAL DECARBONIZATION INCLUDE

The U.S. Department of Energy is investing in
emissions reduction technologies to

IMPROVING ENERGY EFFICIENCY DECAR BO N IZE TH E
) U.S. INDUSTRIAL
SUBSTITUTING LOW-CARBON FUELS & FEEDSTOCKS S E CT O R BY 2 0 5 0

CAPTURING & UTILIZING OR STORING CO2 .

INCREASING ELECTRIFICATION | " EN”Eﬁ&Y :ﬁﬁﬂ.::ég.n.*' EMERGY EFFICIENCY

NEWAELE ENERGY



DECARBONIZATION (S

CLIMATE CHANGE

FOSSIL FUEL CONSUMPTION

» Play tim

POLITICAL WILL

» Local gas bans and electrification
codes

« Bans on Bans

THE CLIMATE TARGETS
SOCIETAL WILL OF FORTUNE 500 COMPANIES
* 1/3 of fortune 500 companies

CARBON NEUTRAL' RENEWABLE 100% (RE100)
Achieved when a company completely Achieved when a company relies
offsets its greenhouse gas emissions. 2 on 100% renewable energy.

have formal sustainability goals

Fortune Global 500 companies
with formal climate targets?:

163

Countries represented

23

M Gss 40,102 TWh
B Ol 54564 TWh

M Coal 45565TWh

Total 140,231 TWh

In 2019, the world's 500 Largest companie
employed 70M people and generated $33
revenues. Given their size and influence, |
of these companies have made commitme
to reduce their carbon footprint.

This timeline provides a holistic
view of when each company
expects to achieve its stated tar

SCIENCE BASED TARGETS (SBT)
Emissions are reduced in line with

the need to keep global warming

below 2 degrees Celsius.

States advancing or prohibiting
building gas bans and electrification codes




A2L REFRIGERANTS

Decarbonize - reduce carbon emissions (CO,)

Greenhouse gases (GHGs)
* Carbon Dioxide (CO,) & Fluorinated Gases
e Methane, Nitrous Oxide

Commercial, residential, and industrial buildings
represent 40+% of the world’s energy consumption &
GHG emissions

We are shifting HVAC from COZ2 to fluorinated gases
so its important to also look at the impact of
fluorinated gases

CLIMAQCOOL

Overview of U.S. Greenhouse Gas
Emissionsin 2019

Fluorinated
Gases
Nitrous Oxide 3%
7% _

Methane
10%

Carbon Dioxide
80%

U.S. Environmental Protection Agency (2021). Inventory of U.S.
Greenhouse Gas Emissions and Sinks: 1990-2019




A2L REFRIGERANTS
PAST TRANSITIONAL NEXT-GENERATION
HFOs & HFO
CFCs HCFCs Blends
R-11, R-12, R-113 ineailiss e ool R-452B, R-454B,
& Others R-245fa, R-404A, R-513A, R-514A,

R-407C, R-410A

& Others R-1233zd, R-41234yf,

R-1234ze & Others

L -_—
LOW ODP REDUCED GWP
OR NO ODP AND DE MINIMIS ODP

|



A2L REFRIGERANTS

imilar? : S
How are they similar~ ASHRAE 34 and ISO 817 Refrigerant Classification
A1 & A2L are nontoxic. R
%) ' R-290
« A1-410A- R-32/R125 g Ftar}:\lri};irility Propane
 A2L-454B — R-32 /| R1234yf e,
e A2L-R-32 £ _ Hass2 Requirements R-152a
“é - A 2 B 2 1. Exhibit ﬂar;.e p[gfiggg%n kg :‘2 C& 101.3 kPa (hairspray,
E| | Flammability 3. HOC< 19,000ki/kg dust-off)
: En A2L B2L Class 2L Reg- uirements R-32, R-454A,
H ow a re th ey d Iffe re nt? § 1. Same as Class 2 requirements &S < 10cm/s etc.
E No Flame Class 1 Requiremen
A 1 Propagation A 1 B 1 1. Noflame propagﬁgn @ GOEZ & 101.3 kPa R-410A
v' does not show flame at test Lower | Higher
Condition Toxicity Toxicity —
Increasing Tuxicity* : = =} A. l-!!
A2 L © AHRI 2021, Subject to Terms of Use ?FTAFNESI%E;!}LE:

v' Ignitable

v" Low flame speed and low heat of
combustion

v' Lower GWP CLIMAQ COOL®




DECARBONIZATIONS

Decarbonization’ tends to refer to
the process of reducing ‘carbon
intensity’, lowering the amount of
greenhouse gas emissions
produced by the burning of fossil
fuels. Generally, this involves
decreasing CO2 output per unit of
electricity generated.

Increasing Electrification
* From boilers to compression systems

Improving efficiencies
* From air source to water source
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& Advanced Manufacturing Office

TECHNOLOGY PATHWAYS

TO INDUSTRIAL DECARBONIZATION INCLUDE

The U.S. Department of Energy is investing in
emissions reduction technologies to

IMPROVING ENERGY EFFICIENCY DECAR BO N IZE TH E
) U.S. INDUSTRIAL
SUBSTITUTING LOW-CARBON FUELS & FEEDSTOCKS S E CT O R BY 2 0 5 0

CAPTURING & UTILIZING OR STORING CO2 .
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A2L REFRIGERANTS

ClimaCool solutions
All Electric
High Efficiencies

Hydronic distribution systems

v’ Centralized heating and cooling solution
v High capacity per square foot
v’ Low charge per circuit
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What Are Modular Chillers

Modular Chiller’s Role in Sustainability

Appllcatlons of Modular Chillers

Cooling

Heating

Heat Recovery

Single plant solution
Condenser Loop Conditioning




SYSTEM EXAMPLE
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« Building Load

Cooling Tower

Water Cooled Chiller

f-

Boiler
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COOLING

WATER SOURCE
‘bEINJHHWEhH‘

v'Replacement equipment
* ClimaCool supports constant volume replacements

v Critical loads (redundancy)

w 0oo
1%3 AIR SOURCE | l A J‘l A J'ﬂ - EE
EQUIPMENT TR BE—— — =

v’ Can replace the tower
v’ Completely closed system

v’ Water conservation b
- CLIMAQCOOL'

Boiler




HEATING

WATER SOURCE
EQUIPMENT

* Replace Boiler with Air
Source heat pump
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. Building Load
Water Cooled Chiller

DESIGN CONSIDERATIONS

* OQutdoor ambient
* Compressor technology
* Capacity Derates

e Defrost derates

CLIMAQCOOL'




MULTIFUNCTIONALITY

HEATING FOCUSED

* Replace Boiler with Air Source heat pump

* Downsize chiller by heat pump capacity

* Use heat pump as swing or chiller / heat
recovery chiller

COOLING FOCUSED
. ReE'laced chiller/ tower with i e 0oo
. . Taai kil - > 885
° t t e il ¥
SosaIble - witeh over to BTN R -

boiler solution

 Should cover 95% of the
design days

* Keeps clost and footprint b
— CLIMAQCOOL




SINGLE PLANT SOLUTION

ClimaCool

‘/S|ngle equipment integration for A _ . —
heating and cooling [ean - EEE

——— |oMo

v All electric solution
v’ High Efficiencies

(driven by the heating load)

‘/ Dual Redundancy Building Load
AIR SOURCE e
L | M| «— |000
¥/ 300 tons T 0oo
WATER SOURCE HT T . — O i O
v 2500 tons Building Load
(il

CLIMA{COOL




CONDENSER LOOP CONDITIONING

WATER SOURCE HEAT PUMPS
WITH BOILER / TOWER

-
ﬁ

Cooling Tower

Ny ——

<

Boiler

Building Load
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CONDENSER LOOP CONDITIONING

ClimaCool Solution

Replace boiler with ASHP B dy 4

v’ Decarbonization ‘

ru01s

Replace Tower with ASHP

v Water conservation

v’ Closed loop / lower
maintenance

-

ASHP

v Operating limits — 0 to 120 ambient Building Load

v Controls do not require a BAS
* ASHP standard mode conditions loop temps
* WSHP can be controlled by thermostats

CLIMAQCOOL



ClimaCool Expertise

Collaborateswith-ClimaCool for
your nextiproject and explore the
details that make projects

successful. A System pumping

O System Bypass

 System Volume
 Multiple bank installations
4 Controls integration
 Hybrid systems integration

d Project examples

CLIMAQCOOL’
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